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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell 
system, used under a low-temperature environment, 
capable of removing water inside a fuel cell in a short 
time, when operation is stopped. 
SOLUTION: This fuel cell system is provided with an 
output current control means 13 for controlling an output 
current of the fuel cell 10 and water amount detection 
means 24, 34 for detecting an amount of water 
remaining in the fuel cell 10 to set a target current value, | 
based on the amount of water remaining in the fuel cell 
10 detected by the water amount detection means 24, 34 % 
and control, so that an output current of the fuel cell 10 
becomes the target current value by the output current 
control means 13, when the normal operation of the fuel 

cell 10 ends. The target current value is set, in such away that it is reduced according to the 
reduction of the amount of water remaining in the fuel cell 10, the output current of the fuel 
cell 10 is increased, when water removal control is started to improve water evaporation rate, 
and the output current is reduced according to the reduction of the remaining water amount. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The output current control means which is a fuel cell system equipped with the fuel cell (10) 
which carries out electrochemical reaction of hydrogen and the oxygen, and generates electrical energy, 
and controls the output current of said fuel cell (10) (13), It has a moisture content detection means (24 
34) to detect the residual moisture content in said fuel cell (10). In case usual operation of said fuel cell 
(10) is completed, a target current value is set up based on the residual moisture content in said fuel cell 
(10) detected with said moisture content detection means (24 34). The fuel cell system characterized by 
controlling so that the output current of said fuel cell (10) serves as said target current value by said 
output current control means (13). 

[Claim 2] Said target current value is a fuel cell system according to claim 1 characterized by being set 
up so that it may fall according to reduction of the residual moisture content in said fuel cell (10). 
[Claim 3] The fael cell system according to claim 1 or 2 characterized by supplying the air which 
contained the superfluous amount of oxygen to the amount of oxygen needed for said fuel cell (10) that 
said fuel cell (10) outputs said target current value. 

[Claim 4] It has the rechargeable battery (12) connected with said fuel cell (10) in juxtaposition, and the 
auxiliary iTiarfiinery^(2i^ 45) which operates according to the supply voltage from 

said fuel cell (10). When said fuel cell (10) is made to generate with said target current value and the 
output power of said fuel cell (10) produces a surplus to power required for actuation of said auxiliary 
machinery Claim 1 characterized by supplying insufficient power to said auxiliary machinery from said 
rechargeable battery when dump power is charged at said rechargeable battery and the output power of 
said fuel cell (10) is insufficient to power required for actuation of said auxiliary machinery thru/or the 
fuel cell system of any one publication of three. 

[Claim 5] Claim 1 which is equipped with a temperature control means (40-45) to control the 
temperature of said fuel cell (10), and is characterized by performing temperature control so that the 
temperature of said fuel cell (10) may consist of predetermined upper limit temperature (Tmax) between 
predetermined minimum temperature (Tmin) with said temperature control means (40-45) thru/or the 
fuel cell system of any one publication of four. 

[Claim 6] Said output power control means is claim 1 which is a DC to DC converter (13) and is 
characterized by controlling said output current of said fuel cell (10) by controlling the output voltage of 
said fuel cell (10) by said DC to DC converter (13) thru/or the fuel cell system of any one publication of 
five. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention applies [ to mobiles, such as a car, a vessel, and a portable 
electric organ, ] about the fuel cell system which consists of a fuel cell which generates electrical energy 
by the chemical reaction of hydrogen and oxygen and is effective. 
[0002] 

[Description of the Prior Art] The fuel cell system conventionally equipped with the fuel cell which 
generates electricity using the electrochemical reaction of hydrogen and oxygen (air) is known. For 
example, in the polyelectrolyte mold fuel cell considered as driving sources for cars etc., there is a 
problem that the moisture which exists near the electrode freezes in the state of low temperature 0 
degree C or less, and check diffusion of reactant gas or the conductivity of an electrolyte membrane 
falls. 
[0003] 

[Problem(s) to be Solved by the Invention] In case a fuel cell is started under such a low-temperature 
environment, by inhibition of advance and attainment of the reactant gas (hydrogen and air) to the 
blinding or the electrolyte membrane of a reactant gas path by freezing, even if it supplies fuel gas, 
electrochemical reaction does not advance, but there is a problem that a fuel cell cannot be started. 
Furthermore, lock out of the gas path by freezing of the moisture which dewed within the reactant gas 
path is also produced. 

[0004] This invention aims at offering the fuel cell system the moisture inside a fuel cell can be [ a 
system ] removable in a short time in the fuel cell system used under a low-temperature environment in 
the case of shutdown in view of the above-mentioned trouble. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in invention according 
to claim 1 The output current control means which is a fuel cell system equipped with the fuel cell (10) 
which carries out electrochemical reaction of hydrogen and the oxygen, and generates electrical energy, 
and controls the output current of a fuel cell (10) (13), It has a moisture content detection means (24 34) 
to detect the residual moisture content in a fuel cell (10). In case usual operation of a fuel cell (10) is 
completed, a target current value is set up based on the residual moisture content in the fuel cell (10) 
detected with the moisture content detection means (24 34). It is characterized by controlling so that the 
output current of a fuel cell (10) serves as a target current value by the output current control means 
(13). 

[0006] Thus, as compared with the case where a current is controlled uniformly, improvement in a 
residual moisture content and a vapor rate can be reconciled by controlling the output current of a fuel 
cell (10) based on the residual moisture content in a fuel cell (10). It enables this to remove the residual 
moisture in a fuel cell (10) efficiently for a short time. 

[0007] By specifically setting up a ta rget current value like invention according to claim 2, so that it may 
fall according to reduction of the residualmoistiire content in a fuel cell (10), the output current of a fuel 
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cell (10) is enlarged at the time of moisture removal control initiation, a moisture vapor rate can be 
raised, the output current can be made small according to reduction of a residual moisture content, and a 
residual moisture content can be decreased effectively. 

[0008] In addition, the residual moisture content in a fuel cell decreases, and control of the output 
current of the fuel cell (10) by the output current control means (13) is performed until it becomes below 
the range that produces freezing under a low-temperature environment. 

[0009] It is necessary to make a residual moisture content below into the freezing range about no parts in 
each eel which constitutes a fuel cell (10), and some [ in each eel ] residual moisture contents should just 
become below the freezing range at least at this time. If a part of each eel is dry, a generation of 
electrical energy can be started by supplying hydrogen and air to the desiccation part. If a generation of 
electrical energy is started in a part of eel, the temperature up of other parts can be carried out by 
generation of heat accompanying a generation of electrical energy, and it can generate electricity in the 
whole cel. 

[0010] Moreover, in invention according to claim 3, it is characterized by supplying the air which 
contained the superfluous amount of oxygen to the amount of oxygen needed for a fuel cell (10) that a 
fuel cell (10) outputs a target current value. Thereby, the moisture which exists in the state of a drop in a 
fuel cell (10) by airstream can be extruded out of a fuel cell (10) (it blows away). 
[001 1] Moreover, the rechargeable battery connected with the fiiel cell (10) in juxtaposition in invention 
according to claim 4 (12), It has the auxiliary machinery (21, 22, 23, 32, 33, 41, 43, 45) which operates 
according to the supply voltage from a fuel cell (10). When a fuel cell (10) is made to generate with a 
target current value and the output power of a fuel cell (10) produces a surplus to power required for 
actuation of auxiliary machinery When dump power is charged at a rechargeable battery and the output 
power of a fuel cell (10) is insufficient to power required for actuation of auxiliary machinery, it is 
characterized by supplying insufficient power to auxiliary machinery from a rechargeable battery. 
[0012] By this, it cannot be concerned with the load of auxiliary machinery, such as a blower (21), but 
the output current of a fuel cell (10) can be controlled to the optimal value for the moisture removal in a 
fuel cell (10), and moisture removal can be performed efficiently. 

[0013] Moreover, in invention according to claim 5, it has a temperature control means (40-45) to 
control the temperature of a fuel cell (10), and is characterized by performing temperature control with a 
temperature control means (40-45), so that the temperature of a fuel cell (10) may consist of 
predetermined upper limit temperature (Tmax) between predetermined minimum temperature (Tmin). 
[0014] It can prevent that can prevent fuel cell temperature's turning into beyond the upper limit 
temperature Tmax, and destroying the electrolyte membrane inside a fuel cell etc. by this, and fuel cell 
temperature becomes below the minimum temperature Tmin, and the evaporation of residual moisture 
falls. 

[0015] Moreover, an output power control means can be used as a DC to DC converter (13) like 
invention according to claim 6, and can control the output current of a fuel cell (10) by controlling the 
output voltage of a fuel cell (10) by the DC to DC converter (13). 

[0016] In addition, the sign in the parenthesis of each above-mentioned means shows correspondence 

relation with the concrete means of a publication to the operation gestalt mentioned later. 

[0017] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based on 
drawing 1 - drawing 6 . This operation gestalt applies a fuel cell system to the electric vehicle (fuel cell 
car) which runs a fuel cell as a power source. 

[0018] Drawing 1 shows the whole fuel cell system configuration of an operation gestalt. As shown in 
drawing 1 , the fuel cell system of this operation gestalt is equipped with the fuel cell (FC stack) 10 
which generates power using the electrochemical reaction of hydrogen and oxygen. The FC stack 10 is 
constituted so that power may be supplied to the electric motor 1 1 for car transit (load), or the electrical 
machinery and apparatus of rechargeable battery 12 grade. 

[0019] In the FC stack 10, the electrochemical reaction of the following hydrogen and oxygen occurs 
and electrical energy occurs. 
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(Negative-electrode side) The solid-state poly electrolyte mold fuel cell is used as a FC stack 10, two or 
more laminatings of the eel used as a base unit are carried out, and it consists of H2 ->2H++2e-(positive- 
electrode side)2H++l/202+2e-->H20 operation gestalten. Each eel has the composition that the 
electrolyte membrane was inserted with the electrode of a pair. 

[0020] Between the FC stack 10 and the rechargeable battery 12, DC to DC converter (output current 
control means) 13 which adjusts the output voltage value of the FC stack 10 is formed. Drawing 2 shows 
the relation between the output voltage of the FC stack 10, and the output current. As shown in drawing 
2 , a correlation is between the output voltage of the FC stack 10, and the output current, output voltage 
declines with the increment in the output current, and the FC stack 10 has the property that output 
voltage increases with the fall of the output current. Therefore, it becomes possible by controlling the 
output voltage of the FC stack 10 by DC to DC converter 13 to control the output current of the FC stack 
10 to arbitration. 

[0021] Moreover, the temperature sensor 14 for detecting the temperature of FC stack body is formed in 
the FC stack 10. Furthermore, the outside-air-temperature sensor 15 which detects outside air 
temperature is formed in the fuel cell system. 

[0022] The air path 20 for supplying air (oxygen) to the oxygen pole (positive electrode) 10a side of the 
FC stack 10 and the hydrogen path 30 for supplying hydrogen to the hydrogen pole (negative electrode) 
10b side of the FC stack 10 are formed in the fuel cell system. The blower 21 for air feeding for air 
supply, (gas-compression machine) is formed in the air path 20. Hydrogen is supplied to the hydrogen 
path 30 from the hydrogen feeder 3 1 . 

[0023] It is necessary to make the electrolyte membrane in the FC stack 10 into the damp or wet 
condition containing moisture for the electrochemical reaction at the time of a generation of electrical 
energy. For this reason, at the time of operation, humidification is performed in the air of the air path 20, 
and the hydrogen of the hydrogen path 30 by the humidification equipment which is not illustrated, and 
the air and hydrogen which were humidified are usually supplied to the FC stack 10. By this, the FC 
stack 10 interior will operate by the damp or wet condition. Moreover, in the oxygen pole 10a side, 
moisture generates according to the above-mentioned electrochemical reaction. 
[0024] Moreover, at the time of the below-mentioned moisture removal operation, the dry air which is 
not humidified and the desiccation hydrogen which is not humidified are supplied to the FC stack 10. In 
order for these dry gases to remove the moisture which remains in the FC stack 10, it needs to be 
desirable that it is low humidity as much as possible, and it needs to be low humidity from the humidity 
in the FC stack 10 at least. 

[0025] The shut bulbs 22 and 23 for intercepting the air path 20 are formed in the both ends in the air 
path 20. The FC stack 10 and air path 20 interior can be intercepted from the open air by closing these 
shut bulbs 22 and 23. The same shut bulbs 32 and 33 are formed also in the both ends of the hydrogen 
path 30. 

[0026] The moisture sensors 24 and 34 for detecting the residual moisture which exists in oxygen pole 
10a of the FC stack 10 interior and hydrogen pole 10b are formed in the FC stack 10. With this 
operation gestalt, the humidity sensor is used as moisture sensors 24 and 34. In order to detect the 
humidity of the FC stack 10 interior appropriately, as for humidity sensors 24 and 34, it is desirable to 
prepare near [ in oxygen pole 10a and hydrogen pole 10b ] FC stack 10 outlet. 
[0027] The FC stack 10 produces generation of heat with a generation of electrical energy. For this 
reason, cooling systems 40-45 are formed in the fuel cell system so that the FC stack 10 may be cooled 
and operating temperature may serve as optimal temperature (about 80 degrees C) at electrochemical 
reaction. 

[0028] The cooling water path 40 which makes the FC stack 10 circulate through cooling water (heat 
carrier), Water pump 41 made to circulate through cooling water, and the radiator 42 equipped with the 
fan 43 are formed in the cooling system. The cooling section consists of a radiator 42 and a fan 43. The 
heat generated in the FC stack 10 is discharged out of a system with a radiator 42 through cooling water. 

[0029] Moreover, the bypass path 44 for making a radiator 42 bypass is formed in the cooling water path 
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40 in juxtaposition with the radiator 44 in cooling water. The passage of cooling water is changed to the 
radiator 43 and bypass path 44 side by the cooling water selector valve 45. 

[0030] Such a cooling system can perform the amount control of cooling of the FC stack 10 by the air- 
flow rate control by the amount control of circulating flow by Water pump 41, the radiator 42, and the 
fan 43 , and the bypass control of flow by the cooling water selector valve 45. 

[0031] The control section (ECU) 50 which performs various control is formed in the fuel cell system of 
this operation gestalt. The demand power signal from a load 1 1, the temperature signal from a 
temperature sensor 12, the outside-air-temperature signal from the outside-air-temperature sensor 15, the 
residual moisture content signal from the moisture sensors 24 and 34, etc. are inputted into a control 
section 50. Moreover, the control section 50 is constituted so that a control signal may be outputted to a 
rechargeable battery 12, DC to DC converter 13, a blower 21, Water pump 41, the radiator fan 43, and 
cooling water selector-valve 45 grade. 

[0032] Next, moisture removal control of the fuel cell system of the above-mentioned configuration is 
explained based on drawing 3 -6. Drawing 3 is a flow chart which shows moisture removal control of 
this operation gestalt. 

[0033] First, it judges whether operation of the FC stack 10 is suspended (step S10). A shutdown 
judging is performed by detecting the key off signal by the operator. When a key off signal is not 
detected, operation is usually continued (step SI 1). When a key off signal is detected, the moisture 
removal in the FC stack 10 (moisture purge) judges whether it is the need (step SI 2). 
[0034] The judgment of wh ether to perform moisture removal i s performed in consideration of 
environmental temperature (outside air temperature), seasonal information, etc. at the time of shutdown. 
That is, based on the said conditions with which environmental temperature is 0 degree C or less, or are 
winter etc., and the falls of atmospheric temperature are predicted to be, the judgment about the need for 
moisture removal operation is performed. Since there is no fear of freezing with a natural thing on 
conditions, such as summer, moisture operation is not needed. 

[0035] Moreover, you may constitute so that the anticipation time amount of FC stack 10 stop time by 
the operator may be inputted at the time of the shutdown of the FC stack 10. This is because the FC 
stack 10 does not become [ the preheating of the FC stack 10 ] below a freezing point enough in an 
instant for a certain reason but an elevated temperature is maintained for the time being, even if 
environmental temperature is below a freezing point at the time of a halt of the FC stack 10. Therefore, 
if it is in the stop time of about (one whole day and night) 10 hours, it is not necessary to perform 
residual water removal at the time of shutdown. 

[0036] the case where moisture removal is judged to be the need - the moisture sensors 24 and 34 ~ the 
residual in the FC stack 10 ~ amount of water - detecting (step SI 3) - a residual - it judges whether it 
is within the limits which amount of water freezes under a low-temperature environment (step SI 4). 
Consequently, when the res idual moistu re content_has ^me^ 

moisture content, the output current value (target current value) of the FC stack 10 is determined (step 

"ST5X — — ~ " ~~ ~ — — ■ — 

70037] Here, the decision approach of FC stack output current value required to remove the residual 
moisture in the FC stack 10 is explained based on drawing 4 - drawing 6 . 

[0038] drawing 4 - the output current of the FC stack 10, calorific value, and generation - the relation 
of amount of water is shown. Since calorific value will increase if the output current of the FC stack 10 
increases as shown in drawing 4 , remoyal of the residual moisture in the FC stack 10 can be promoted. 
On the other hand, since moisture is gene rated by electrochemical reaction, if the FC stack 10 output 
current increases, generation water will increase. " " 

7gtB9] T)rawm current of the FC stack 10, and a residual 

moisture content. An axis of ordinate is a residual moisture content, and the axis of abscissa shows time 
amount. 10-13 show the residual moisture content at the time of fixing the output current of the FC stack 
10, 10 has the largest current value and its a current value is [ 13 ] the smallest. It is the saturation 
residual moisture content which is not made to reducing W0 - W3 less than [ it ] in a specific current 
value, and W0 - W3 support 10-13, respectively. 
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[0040] while the removal rate of residual moisture is quick when the output current is large as shown in 
drawing 5 — generation ~ while a residual moisture content is saturated with a high value, and the 
removal rate of residual moisture is slow when the output current is small since there is much amount of 
water — generation — since there is little amount of water, the saturation value of a residual moisture 
content becomes small. Therefore, in a phase with m any residual niois ture_con te nts in the FC stack 10, 
j gsidua] moisture is efficiently removable by e nlarging the ou tput current yaj^jo fjhe LJbL LstackJLQ, 
removing residual moisture grom]3jfl)^j^^ 

moisture content, and lessening residual moisture_as^much as i possible. 

[0041] Drawing 6 shows the relation between the residual moisture content in the FC stack 10, and the 
target current value of the FC stack 10. With this operation gestalt, the output current is set to 13 until a 
residual moisture content is set to W0, 10 and a residual moisture content are set to Wl in the output 
current, II and a residual moisture content are set to W2 in the output current and 12 and a residual 
moisture content become W3 about the output current, as shown in drawing 6 . 
[0042] Thus, by controlling the output current value of the FC stack 10 to an optimum value based on 
the residual moisture content in the FC stack 10, as shown in Iv in drawing 5 , the residual moisture in 
the FC stack 10 can be decreased promptly and effectively. 

[0043] Next, the amount of hydrogen required to generate the target current value determined as 
mentioned above and the amount of oxygen are computed, and air (oxygen) and hydrogen are supplied 
to the FC stack 10 by the blower 21 and the hydrogen feeder 31 (step 16). At this time, humidification is 
not performed in air and hydrogen, but dry air is supplied to oxygen pole 10a of the FC stack 10, and 
desiccation hydrogen is supplied to hydrogen pole 10b. 

[0044] It consists of fuel cell systems of this operation gestalt so that a superfluous air content may be 
supplied to the FC stack 10 to an air content required for a generation of electrical energy of a target 
control current value. Thereby, the moisture which exists in the state of a drop in the FC stack 10 by 
airstream can be extruded out of the FC stack 10 (it blows away). 

[0045] Next, the output current is controlled so that the output current value of the FC stack 10 serves as 
the target control current (step SI 7). As explained based on above-mentioned drawing 2 , specifically, 
the output current is controlled by controlling the output voltage of the FC stack 10 by DC to DC 
converter 13. 

[0046] At this time, the output current of the FC stack 10 is controlled to become the optimal value for 
moisture removal of the FC stack 10 interior. Therefore, the power generated by the FC stack 10 may be 
as small as the case of being large, to power required in order to operate the auxiliary machinery of a 
blower 21, Water pump 41, and passage selector- valve 45 grade. For this reason, when the power of the 
FC stack 10 is larger than auxiliary machinery power operated, dump power is charged at a rechargeable 
battery 12, and when the amount of generations of electrical energy of the FC stack 10 is conversely 
smaller than auxiliary machinery power operated, insufficient power is supplied to auxiliary machinery 
from a rechargeable battery 12. By this, it cannot be concerned with the size of the load of auxiliary 
machinery, but the output current of the FC stack 10 can be controlled to the optimal value for the 
moisture removal in the FC stack 10, and moisture removal can be performed efficiently. 
[0047] Next, temperature control of the FC stack 10 is performed. The FC stack 10 produces generation 
of heat by generation of electrical energy. When FC stack temperature turns into beyond the upper limit 
temperature Tmax, the electrolyte membrane of the FC stack 10 interior etc. is destroyed. Moreover, 
when FC stack temperature becomes below the minimum temperature Tmin, the evaporation of the 
residual moisture in the FC stack 10 falls. For this reason, temperature control of the FC stack 10 is 
performed so that the temperature of the FC stack 10 may be settled in a predetermined temperature 
requirement by cooling systems 40-45. In addition, with this operation gestalt, about 120 degrees C and 
the minimum temperature Tmin are set as about 60 degrees C for the upper limit temperature Tmax of 
the FC stack 10. 

[0048] First, a temperature sensor 14 detects the temperature of the FC stack 10 (step SI 8), and cooling 
judges [ FC stack temperature ] whether it is the need (step SI 9). Consequently, if FC stack temperature 
has exceeded the upper limit temperature Tmax, cooling water will be circulated to a radiator 42 side, 
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and the FC stack 10 will be cooled (step S20). Moreover, if FC stack temperature is less than the 
minimum temperature Tmin, cooling water will be circulated to the bypass path 44 side, or Water pump 
41 will be stopped, and cooling of the FC stack 10 will be stopped temporarily (step S21). Thereby, FC 
stack temperature is controllable within the limits of the upper limit temperature Tmax and the minimum 
temperature Tmin. 

[0049] Next, the residual moisture content in return and the FC stack 10 is detected to step SI 3, and it 
judges whether a residual moisture content is the freezing range. Consequently, if the residual moisture 
content is less than the freezing range, the shut bulbs 22, 23, 32, and 33 prepared in the both ends of the 
air path 20 and the hydrogen path 30 will be closed (step S21). Thereby, the FC stack 10, air path 20, 
and hydrogen path 30 interior is intercepted from the open air, and can prevent the moisture invasion 
from an external environment. Then, the fuel supply to the FC stack 10 is suspended, and the FC stack 
10 is stopped completely. 

[0050] When the residual moisture content has exceeded the freezing range, it carries out by repeating 
the above-mentioned steps S15-S21. 

[0051] as mentioned above, like this operation gestalt, based on the residual moisture content in the FC 
stack 10, the output current of the FC stack 10 is enlarged at the time of control initiation, and a 
moisture vapor rate is improved — making — a residual ~ as compared with the case where a current is 
controlled uniformly, improvement in a residual moisture content and a vapor rate can be reconciled by 
making the output current small according to amount of water. It enables this to remove the residual 
moisture in the FC stack 10 efficiently for a short time. 

[0052] (Other operation gestalten) Although the humidity sensor was used in addition with the above- 
mentioned operation gestalt as moisture sensors 24 and 34 which detect the residual moisture content in 
the FC stack 10, the residual moisture content of the FC stack 10 interior is detectable not only this but 
by measuring change of the electric resistance of the electrolyte membrane in the FC stack 10 interior as 
for example, a moisture sensor. 

[0053] Moreover, in each eel which constitutes the FC stack 10, moisture removal at least of the part 
should just be carried out. If a part of eel is dry, a generation of electrical energy can be started by 
supplying hydrogen and air to the desiccation part. If a generation of electrical energy is started in a part 
of eel, the temperature up of other parts can be carried out by generation of heat accompanying a 
generation of electrical energy, and it can generate electricity in the whole cel. 



[Translation done.] 
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